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$A_{simple}$ ,




$($ l, $\nu$ $)$ .
,
$0$
$($ lo, $\nu$o $)$ .
.
, $($ l, $\nu$ $)$








(S, $q_{0}$ , Steps) .
$S\subseteq L\cross V_{C}$
$q_{0}=(l_{0}, \nu_{0})$




$\mu\perp((l’, \nu’))=\{\begin{array}{l}1 if l’=l\wedge\nu’=\nu+t\wedge\nu’\in Inv(l)0 otherwise\end{array}$
$(l, \nu)arrow^{\mu}(l’, \nu’)$








$\mathcal{M}$CA $=$ $(S,$ $s_{0}$ , PA $)$
.
$P^{A}=S\cross Sarrow[0,1]$ .




$\{\begin{array}{ll}1 i_{\backslash }f|\omega|=0P^{A}(\omega fin(0), \omega fin(1))\cdots P^{A}(\omega fin(n-1), \omega fin(n)) otherwise\end{array}$
, $\omega$ $A$
.
$C^{A}(\omega fin)^{d}=^{ef}\{\omega\in Path_{ful}^{A}|\omega fin\omega\}$
, $\omega fin\in Pathfin$
$C^{A}$ ( $\omega$fin) $Path_{ful}^{A}$ ’
$\Sigma^{A}$ . $\Sigma$A Prob
, $\omega$fin $\in Pathfin$
Prob ($C^{A}$ ($\omega$fin)) $=$ ProbfiAn($\omega$fin)












$\lambda\in[0$ ,1$]$ $L_{e}\subseteq L$
( $\lambda$ , Le) . , $G$ $\mathcal{M}$
$l\in L_{e}$
$S_{e}\in S$ . yes’ ,
$G$
$\mathcal{M}$ , $\forall_{A}4,$ $s\in S_{e}.$Pro $b^{}$ (S) $\leq\lambda$
. $F$no’ .
$A$ , $S_{e}$
$\Omega\subseteq$ PathfiAn (Se) (A, $\Omega$ )








Pro$b^{A}$ $(S_{e})>\lambda$ , $s_{e}$












, $x_{1},$ $x_{2}\in C,$ $c\in N,$ $d\in \mathbb{Z}$
$\nu$ , $\psi$ , $\nu$
$\psi$ $\psi\nu\in$ $\{$ ture,false $\}$ , $\psi$




$\psi^{\iota}$ , $\psi^{\iota}$ $\Psi$ l $=\{\psi_{1}^{l},$ $\cdots,$ $\psi_{n}^{l}\}$
. , true
$\Psi$1 . $\Psi^{\iota}$
, $\nu$ $n$ $b^{\iota_{\text{ }}}$
.
,
$\Psi$ $=\{\Psi^{l_{0}}\cup\cdots\cup\Psi^{\iota_{k}}\}$ , $\Psi$
$\alpha$ . $b^{\iota}$ $i$ , $l$
, $\psi$1 $\nu$ . ,
$l$ $n$ $B_{n}^{l}$
, $B_{n}^{l}$ $\{$0, $\cdot\cdot\cdot$ , $n-1\}$
$\{0,1\}$ .
$\mathcal{B}$




, $($ l, $\nu$ $)$ $\alpha$





$\alpha$ : $L\cross \mathcal{V}_{C}arrow L\cross \mathcal{B}$,
$\gamma$ : $L\cross \mathcal{B}arrow L\cross \mathcal{V}_{C}$ .
$\alpha((l, \nu))=(l,$ $b^{\iota})$ s.t. $\forall i.b^{\iota}(i)\equiv\psi_{l}^{l}\nu$
$\gamma(l, b^{\iota})=\{(l, \nu)\in L\cross \mathcal{V}_{C}|Inv(l)\wedge$
$\bigwedge_{i=0}^{n-1}\psi_{i}^{l}\nu\equiv b^{/}(i)\}$
, $b^{l}\Psi^{l}$ .












$((l, b), \mu^{\#})\in Steps^{\#}$ ,
$(l, \nu)\in\gamma((l, b)).((l, \nu), \mu)\in$ Steps
. $\mu^{\#}$










$(l, \nu),$ $(l’,$ $\nu’)$ , $((l, \nu), \mu)\in$
$Steps\wedge\mu((l’, \nu’))>0$ , $(\alpha((l, \nu))_{:}\mu^{4})$








$3S$ basis[12] $\psi$ basis
, $\nu$1, $\nu_{2}\in V_{C}$ ,







$\mathcal{M}$ # 2 .







, $\mathcal{M}$ $\omega$ $\mathcal{M}$ # $\omega$ # ,
$\omega$ $1.\sim$3.
.
1. $(l,$ $\nu)arrow^{\mu}(l’, \nu‘)$ ,
$\alpha$ $((l, \nu))arrow^{\mu}\alpha((l’, \nu’))$
2. $(l, \nu)\muarrow(l, ’)$
$\alpha((l, \nu))=\alpha((l, \nu’))$ ,
.
3. $3.(l, \nu)\mu-+(l$ , $\nu$t $)$
$\alpha((l, \nu))$ $\neq\alpha$ ((l, ’)) ,












, $($ lt, $b’)$ ,
50
$s\in\gamma((l,$ $b)),$ $s’\in\gamma((l’,$ $b’))$











$(\lambda,$ $L_{e})$ , $G$ $\mathcal{M}$ $\mathcal{M}$ #
, $l\in L_{e}$
$S_{e}\#\in s\#$ , $\Sigma_{\omega\in\Omega\#}Prob^{A^{\#}}fin(\omega)>\lambda$ ,
$A\#$ $\Omega$ #
.












































































$MC=$ $(S$ , So, P $)$
’ $S_{e}\subseteq S$ , $\lambda$ ,
















1. : $\Omega$ #

































. , 3.5 2.



























































, $l$ $\zeta$’o $\zeta_{2}^{go}$
$\zeta_{1}^{go}\neq\zeta_{2}^{go}$









$ $\mathcal{M}$b$ . $
$\Psi$ $ , $ $\forall$l $\in$ L. $\Psi^{\iota}=$ $\{$true$\}$ $ .
2. Compute Candidate Counter-example:
$\mathcal{M}$ #
$\Psi$




3. Counter-example Analysis: $




, $ $\Psi$ t$
.
5. Abstraction: $































[1] Bianco, A. and de Alfaro, L.: Model checking of
probabilistic and nondetermmistic systems, LNCS 1026,
1995, pp. 499-513.
[2] Clarke, E. M., Gmmberg, O., and Peled, D.: Model
Checking, MIT, (2000).
[3] Clarke, E. M., Gmmberg, O., Jha S.. Lu, Y., and Veith,
H.: Counterexample-Guided Abstraction Refmement, LNCS
1855, 2000, pp. 154-169.
[4] Han, T. and Katoen, J. P.: Counterexamples in
probabilistic model checking, LNCS 4424, 2007, pp. 72-86.
[5] Henzinger, T. A., Nicollin, X., Sifakis, J., and Yovine,
S.: Symbolic Model Checking for Real-llme Systems,
Infomation and Computation, Vol. 111(1994), pp. $394\neg i06$ .
[6] Hemanns, H., Wachter, B., and Zhang, L.: Probabilistic
CEGAR, LNCS 5123, 2008, pp. 162-175.
[7] Kwiatkowska, M., Noman, G., Segala, R., and
Sproston, J.: Automatic Verification of Real-Time Systems
with Discrete Probabiliry $Distribution*$ LNCS 1601, (1999),
pp. 75-95.
[8] Kwiatkowska, M., Norman, G., and Sproston, J.:
Symbolic Computation ofMaximal Probabilistic
Rcachability, LNCS 2154, (2001), pp. $16\succ 183$ .
[9] Kwiatkowska, M. Z., Noman, G., and Sproston, J.:
Symbolic Model Checking of Probabilistic Timed Automata
Using Backwards Reachability, Technical Report CSR-CO
01, 2000.
[101 Puterman, M.: Markov Decision Processes: Discrete
Stochastic Dynamic Programming, Wley- Interscience,
1994.
[111 S. Graf and H. Saidi: Construction ofAbstract State
Graphs with PVS, LNCS 1254, 1997, pp. 72-83.
[12] Sorea, M., Oller, M. O. M., Oller, M. O. M., Rue, H.,
and Rue, H.: Predicate abstraction for dense real-time
systems, Blectronic Notes in Theoretical Computer Science
65(6), 2001, pp. 2002.
54
